The importance of microRNA (miRNA) at the post-transcriptional regulation level has recently been recognized in both animals and plants. In recent years, many studies focused on miRNA target identification and functional analysis.
INTRODUCTION
The miRNAs, approximately 21 nucleotides (nt) long, are a large class of small non-coding RNAs (ncRNAs), which play important roles in post-transcriptional gene expression control. The miRNAs can negatively regulate gene expression through hybridization to completely or partially complementary sequences in target mRNAs. The double stranded (ds) mRNAs are targets for cleavage or inhibition of transport and translation (Voinnet 2009 ). Mature miRNAs are generated through multiple processing steps from longer primary transcripts (primiRNA) that contain imperfect fold back structures (Chen 2010) . In animals, miRNA genes are transcribed by RNA polymerase II (Pol II) (Lee et al. 2004) , yielding a pri-miRNA that is processed initially by the nuclear RNase III-like enzyme Drosha (Lee et al. 2003) . The resulting pre-miRNA transcripts are transported to the cytoplasm and processed by dicer to yield mature miRNAs (Lee et al. 2002; Liu et al. 2009 ). Plant primiRNAs are mostly transcribed by RNA polymerase II (Pol II) from regions located between protein-coding genes. The RNA-binding protein DAWDLE (DDL) presumably stabilizes pri-miRNAs for their conversion in nuclear processing centers called D-bodies to stemloop pre-miRNAs. This reaction entails the concerted action and physical interaction of the C 2 H 2 -zinc finger protein SERRATE (SE), the double-stranded RNA-binding protein HYPONASTIC LEAVES1 (HYL1), Dicerlike 1 (DCL1), and the nuclear cap-binding complex (CBC). Pre-miRNAs, or mature miRNAs produced by DCL1, are then exported to the cytoplasm possibly through the action of the plant exportin 5 ortholog HASTY and other unknown factors. Mature RNA duplexes excised from pre-miRNAs (miRNA/miRNA * , where miRNA is the guide strand and miRNA * is the degraded strand) are methylated by HEN1, a reaction that protects them from being degraded by the small RNA degrading nuclease (SDN) class of exonucleases. The guide miRNA strand is then incorporated into AGO proteins to carry out the silencing reactions (Voinnet 2009 ).
Computational and molecular cloning strategies had found 203 potential miRNA genes in soybean (Glycine max L. Merril.) genome by 2012 (Subramanian et al. 2008; Sunkar and Jagadeeswaran 2008; Zhang et al. 2008 Zhang et al. , 2009 Tuteja et al. 2009; Joshi et al. 2010; Liu et al. 2011; Song et al. 2011) . Previously discovered miRNAs have been verified to play important roles in soybean development, seed yield, nitrogen fixation, and the responses to both abiotic and biotic stresses (Chen et al. 2009; Wang et al. 2009; Liu et al. 2010; Zeng et al. 2010; Song et al. 2011) . Many studies focus on newly miRNA detections and target genes identification, but little was known about transcription and regulation for miRNAs. A crucial component in the analysis of a miRNA promoter region was the accurate identification of the transcription start site (TSS). In animals, the primary transcript was rapidly cleaved in the nucleus by the enzyme Drosha, and this presents a technical barrier for the large-scale experimental identification of TSSs. The primary transcripts that have been experimentally characterized in animal species have been observed to be on the order of 1-4 kb in length (Cai et al. 2004; Lee et al. 2004) . The TSS may be as little as 50 nt or as much as 2.5 kb upstream of the first miRNA contained within the transcript, suggesting that promoter location cannot be inferred directly from miRNA location alone. In plants, only 53 primary transcripts were reported from Arabidopsis TSSs where distances range from 26-to 615-nt upstream of the pre-miRNA contained within the transcript. The fact that only a very limited number of published reports mention upstream regulatory sequences of miRNA genes may be largely attributed to this difficulty (Ohler et al. 2004) . Therefore, understanding the mechanisms governing miRNA gene expression patterns will be necessary to understand miRNA-mediated regulatory pathways and networks.
In this study, a number of transcript start sites (TSSs) for soybean miRNA primary transcripts were identified using a 5´ rapid amplification of cDNA ends (RACE) procedure. Features associated with transcription initiation of these cloned TSSs in soybean miRNA genes were analyzed, revealing start sites, core promoters and other properties that were consistent with a pol II mechanism of transcription. A position weight matrix algorithm was used to identify conserved motifs in miRNA core promoter regions and a canonical TATA box motif was identified upstream of each of the major TSSs. Several cis-acting elements were predicted in 2 kb 5´ to the TSSs, and were used to infer the potential spatial and temporal expression patterns of these miRNAs. The target genes of these miRNAs were also predicted and used to further elucidate the potential function of these miRNAs. These data provide a molecular basis to explore regulatory mechanisms of miRNA expression, and a way to understand miRNA-mediated regulatory pathways and networks in plants.
RESULTS

Soybean miRNA primary transcripts
In order to clone the soybean miRNA primary transcripts and determine if they contained 5´-cap structures typical for RNA pol II transcripts, a series of 5Ŕ ACE reactions were done for 50 known miRNAs of soybean. Used was total RNA from 30-d-old seedlings that was pretreated with calf intestine alkaline phosphatase (CIAP) plus tobacco acid pyrophosphatase (TAP). Only the transcripts containing a 5´ cap would be further ligated to adapters, and subsequently amplified by PCR. As controls, TAP(-) was used to detect whether incomplete RNA sufficient degraded, and M-MLV(-) was used to exclude false positive caused by DNA contamination. Products were developed from 11 miRNAs using locus-specific primer sets (including gma-MIR166a, gma-MIR172a, gma-MIR172f, gmaMIR394a, gma-MIR394b, gma-MIR396a, gmaMIR1508a, gma-MIR1535, gma-MIR1536, gmaMIR2108a, and gma-MIR2108b) (Fig. 1) .
All of their controls were negative, indicating that the products were derived from complete primary transcripts. The details of these 11 miRNA 5´ end transcript (pre-miRNA upstream to TSS) were listed in Table 1 . The lengths between the start site of primary miRNA transcripts and the pre-miRNA start sites differed ranging from 75 to 2 627 bp, with a mean of 698 bp.
Fig. 1 RLM-5´
RACE reactions on eight of the eleven miRNA transcripts. M, the DNA marker. In each set of three lanes containing miRNAs the "+" represents RLM-5´ RACE reactions of each miRNAs; the first "-" in each miRNA represented the TAP(-) control to detect whether RNA was sufficiently degraded; the second "-" in each miRNA represents the M-MLV(-) control to exclude false positive caused by DNA contamination, and each lanes were resolved on 1% (w/v) agarose gel.
Conserved miRNA promoter sequence cored motifs in soybean
Each of the 11 positive 5´ RACE products was further analyzed as a single fragment of a distinct size. All the primary transcripts were mapped on genome according to the location annotation of miRbase (http://www. miRbase.org) (Griffiths-Jones et al. 2008) . The TSS motif (-4 to +5) base composition was analyzed and shown in Fig. 2 . The vast majority (73%) of transcripts initiated with an adenosine, and 64% of the transcripts were preceded by a guanine. Most of positions flanking the TSS were dominated by thymine and adenosine.
To identify conserved motifs flanking the initiation sites at each mapped locus, a 60-bp genomic segment (-50 to +10 relative to the start site) was computationally analyzed using BioProspector (Liu et al. 2004) . A 8-bp 3) The length between primary miRNA transcript start site and pre-miRNA start site.
TATA-box like sequence was identified as an only conserved motif in this region, and the position weight matrix (PWM) of this motif was showed in Table 2 . This motif was detected upstream from eight (73%) of the mapped transcription start sites. In order to further evaluate these putative TATA-box like motifs, the PWM and 60-bp genomic segments were input into a second website program MotifMatcher (Ao et al. 2004) . The results showed that ten of the 60-bp genomic segments were found to have putative TATA-box like motifs, and eight of them have high scores (scores>6) (Fig. 2) . To determine if the high frequency occurrence of the TATA box-like sequence was uniquely associated with this specific region, we examined the distribution of the TATA box like sequence in an extended upstream region (-200 to +50) using MotifMatcher (Fig. 3) . The most high scored TATA box-like sequence centered at consensus position -24 from the start site and it was concluded that most or all of these motifs corresponded to authentic TATA boxes (Fig. 4) .
Computational identification of cis-acting elements in miRNA promoter sequences and their functional analysis cis-Acting elements can influence miRNA gene expression (Liu et al. 2008; Liu et al. 2010) . To elucidate the spatial and temporal expression pattern and upstream regulation of the eleven soybean miRNAs, their promoter regions (from TSS to 1 000 bp 5´) were analyzed for the potential cis-acting elements using PlantCARE database (Lescot et al. 2002) . The potential cis-acting elements in miRNA promoter regions were shown in Table 3 . Several known stress-responsive elements were identified including abscisic acid response element (ABRE); anaerobic induction element (ARE); fungal elicitor element (Box-W1); MYB binding sites involved in drought inducement (MBS); heat stress responsive element (HSE); low temperature responsive element (LTR); defense stress responsive element (TC-rich repeats); and wound responsive element (WUN-motif). Other regulatory elements that were involved in the growth and regulation of response to circadian control, such as gibberellic acid (GA), ethylene, salicylic acid (SA) and methyl jasmonate (MeJA) were also found. In order to further explore the function of the miRNAs, the targets were identified using the web-based software psRNAtargets (Zhao and Dai 2011) . The potential target of these miRNAs was listed in Table 4 . The results indicated that miRNAs played important roles in regulation of transcription factors, metabolisms, stress responses, signaling transductions, cellular structural components, and other cellular process.
DISCUSSION
In this study 11 of 50 miRNAs were identified using the RNA from 30-d-old seedlings. Of the 11 miRNAs, two had been validated previously (Subramanian et al. 2008; Wang et al. 2009 ) and nine were newly validated.
The length range between pri-miRNA TSS and premiRNA start site (75-2 627 bp, mean 698 bp) in soybean was remarkably wider than in Arabidopsis thaliana (range from 26 to 615 bp, mean 208 bp). The soybean miRNA primary transcripts were longer in non-con- served miRNA, such as gma-MIR2108a, gmaMIR2108b and gma-MIR1536 (Xie et al. 2005) . A diverse set of putative miRNA transcripts from more than 30 plant species were identified from expressed sequence tag (EST) databases, suggesting that plant miRNA precursor transcripts are likely polyadenylated (Jones-Rhoades and Bartel 2004). These soybean miRNA primary transcript data were consistent with the previous reports, suggesting that plant miRNA genes are transcribed by RNA pol II mechanism (Lee et al. 2004; Xie et al. 2005) .
According to the base composition characteristics of TSS motifs in Fig. 2 , they were consistent with the transcription pattern by RNA pol II (Shahmuradov et al. 2003) . This discovery was similar with the previous report for A. thaliana. However, the positions (-1 and +5) were dominated by guanine in soybean rather than dominated by cytosine in Arabidopsis.
The function of miR172 has been extensively studied. The earliest report showed that it likely acts in cell-fate specification as a translational repressor of APETALA2 in Arabidopsis flower development (Chen 2004) . The miR172 of soybean was first identified in nitrogen-fixed soybean nodules and was presumed to play a critical role on symbiotic nitrogen fixation (Subramanian et al. 2008; Wang et al. 2009) . In this study, the miR172a promoter region was shown to have a potential anaerobic responsive element, and it might be induced by anaerobic environments. This result further suggested that the miR172a might take part in nodule nitrogen-fixing. The miR172a targets were predicted to mainly be an AP2 family transcription factor, consistent to the soybean sequencing results by Song et al. (2011) . The previous reports have demonstrated that miRNAs may be involved in a kind of negative feedback loops model, such as miR159 gene in soybean and miR160 gene in Arabidopsis (Megraw et al. 2006; Liu et al. 2010) . In this study, four miRNAs were also found to have negative feedback loops model. The miR394a promoter region of soybean had wound responsive element and targeted in wound induced protein. The miR396a promoter region of soybean had auxin and heat shock responsive element and targeted in a growth regulating factor and heat shock protein. The miR1508a promoter region had gibberellin acid responsive element and targeted in gibberellin regulation protein. The miR2108a promoter region had auxin responsive element and targeted in elongation factor 1-α.
CONCLUSION
Potential spatial and temporal expression patterns of eleven soybean miRNAs were inferred. The target genes for these miRNAs were predicted and further elucidated for the potential function of the miRNAs. This study provides a molecular basis to explore regulatory mechanisms of miRNA expression in soybean. Understanding of miRNA-mediated regulatory pathways and networks in soybean has been advanced. 
MATERIALS AND METHODS
5´ RACE mapping of miRNA transcripts
Twenty seeds of the soybean cultivar, Dongnong 50, were grown in a growth chamber for 30 d and the leaves, stems and roots were used for RNA isolation. Total RNA was extracted using RNAiso Plus (TaKaRa, Dalian, China). Primers for 50 miRNAs were assembled from published reports (Subramanian et al. 2008; Sunkar and Jagadeeswaran 2008; Tuteja et al. 2009; Zhang et al. 2008 Zhang et al. , 2009 Joshi et al. 2010; Song et al. 2011) . The 5´ ends of miRNA transcripts were then mapped by 5´-Full RACE Kit (TaKaRa Dalian, China). First, calf intestine alkaline phosphatase (CIAP) was added for degrading incomplete mRNA, rRNA, tRNA, and DNA. Then tobacco acid pyrophosphatase (TAP) was added in order to decap the full-length mRNAs. The control of TAP(-) without the second step to test whether RNA sufficient dephosphorylation had occurred. The decapped mRNA was ligated with 5´ RACE adaptor, and complementary DNA (cDNA) was synthesized using reverse transcriptase M-MLV (RNase H -) and random oligonucleotide hexamers as primers. In the second negative control, M-MLV(-) wasn't added in order to test for false positives caused by DNA contamination. Finally, a cDNA pool containing equal amounts of reaction products from each organ was used as template in 5´ RACE nested-PCR. The forward (5´ RACE outer and inner) primers were general, which was specific to the RNA adaptor. The reverse primers (gene-specific primers, GSP) were designed based on the sequence of the precursor miRNA (Kozomara and Griffiths-Jones 2010) . The GSP specificity was tested using BLAST (word length=7) on the website phytozome http://www.phytozome.net/search.php? show=blast&method=Org_Gmax (Altschul et al. 1997; Schmutz et al. 2010) . The 5´ RACE nested-PCR was performed by LA Taq (TaKaRa, Dalian, China) and the procedure followed the protocol of 5´-Full RACE Kit. The PCR products from a positive 5´ RACE reaction were gel purified and cloned in pMD ® 18-T vector (TaKaRa Dalian, China). A minimum of three clones were sequenced for each PCR product bands. The cloned vectors were transformed into Escherichia coli DH5α strain for replication and sequencing. Sequences corresponding to transcript 5´ ends were deposited at GenBank with accession numbers listed in Table 1 .
Computational identification of conserved miRNA promoter sequence cored motifs
The genomic sequence was downloaded from website Phytozome (http://www.phytozome.org) (Schmutz et al. 2010) . A 9-bp (-4 to +5) sequence flanking the TSS was used for base component analysis and the TSS motif matrix construction according to the method described previously (Shahmuradov et al. 2003) . A 60-bp (-50 to +10) genomic sequence flanking the start site for each of the 11 miRNA loci (that was likely to contain the core promoter sequence) was analyzed using BioProspector (all parameter in default), a Gibbs sampling-based motif-finding program (Liu et al. 2004) . Searches with a motif width of 6-8 nt were carried out. In all cases, TATA box-like sequences were identified as the only conserved motifs present. The presence of the conserved TATA box-like motif matrix (8-nt width) in each 60-bp genomic segment was checked using MotifMatcher with up to three matches per segment allowed (Ao et al. 2004) . The algorithm gives a score for placement of each TATA box-like sequence detected. These are log-odds-based scores calculated as ln[P (observed|PWM) / P (observed|background model) ], where the numerator is the probability of the observed sequence according to the position weight matrix (PWM). The represented motif and the denominator were the probability of the sequence according to a simple Markov chain constructed by examining frequencies of nucleotide occurrences throughout a background sequence set (Ao et al. 2004) . A second search by MotifMatcher was done using an extended upstream region (-200 to +50) to analyze the distribution of the putative TATA box motif with the 8-nt motif matrix generated by BioProspector as a sample motif. Up to three matches to the TATA box-like motif were allowed.
Computational identification of cis-acting elements in miRNA promoter sequences and their functional analysis
The promoter regions (from TSS to 1 000 bp 5´) were analyzed for the potential cis-acting elements and motifs. The analysis of cis-acting elements for the miRNA promoters was performed by tools at the PlantCARE database (http://intra.psb.ugent.be:8080/PlantCARE), a database of plant cis-acting regularly elements (Lescot et al. 2002) . In order to further explore the functions of these miRNAs, the targets were predicted using the newly web-based software psRNAtarget (Zhao and Dai 2011) . The soybean target genes database used was the Glycine max (soybean) DFCI Gene Index (GMGI), version release 16, and the software default parameters were used.
